Objective-To correlate behaviour manifestations with tumour location in three children who had Gilles de la Tourette's syndrome (GTS), obsessive-compulsive disorder (OCD), and primary cerebral malignancies. Method-Cases were ascertained from a chart review in a GTS and OCD specialty clinic. For each case the temporal progression of change in neuropsychiatric symptoms was qualitatively correlated with radiographic documentation of tumour progression. Results-The change in symptom severities during tumour progression and treatment, together with prior neurobiological studies of GTS, suggest that the ventral striatum, corpus callosum, thalamus, and midbrain are potentially important neural substrates in the formation or modulation of tic symptoms. The limbic system, including the hypothalamus and cingulate, and the caudate nucleus, seem to be important in the neurobiology of OCD. All structures are neuroanatomically and functionally related to the corticostriato-thalamocortical circuitry that is thought to subserve symptom generation in both GTS and OCD. Conclusion-Although the malignancies were not likely to have caused the tic and OCD symptoms in these children, the locations of these intracranial lesions provide important clues in identifying brain regions that may contribute to the determination of tic and OCD severities.
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We describe three cases of GTS and OCD associated with paediatric cerebral malignancies. In each case, GTS and OCD symptoms seemed to change during specific phases of tumour development and treatment. For each case we attempt to correlate lesion location with changes in symptomatology. These correlations may aid in identifying the neurobiological substrate of GTS related disorders. The cases were ascertained from among more than 800 that presented to our GTS/OCD specialty clinic over a period of 10 years. 4V, 1 9 group.bmj.com on July 6, 2017 -Published by http://jnnp.bmj.com/ Downloaded from and GTS related OCD are thought to be mediated through the basal ganglia and associated corticostriato-thalamocortical (CSTC) circuitry.9 11 Evidence for basal ganglia involvement in GTS derives primarily from postmortem case reports and in vivo imaging studies showing hypoplasia and hypometabolism of GTS basal ganglia.12 18 NORMAL CSTC CIRCUITRY Circuits in the CSTC are composed of multiple loops that direct information from the cerebral cortex to the subcortex, and then back again to specific regions of the cortex. Within each of these loops, information seems to be directed from multiple but functionally related cortical areas into specific portions of the subcortexfirstly, the striatum, then the globus pallidus (or substantia nigra pars reticulata), then to specific thalamic nuclei-before returning to the cortex.'9 21 These circuits are of central importance in the normal control of motoric, cognitive, and affective functioning. The tumours in each of the children described here likely altered GTS and OCD symptom severity by affecting the functioning of one or more portions of this circuitry.
CLINICOPATHOLOGICAL CORRELATIONS FOR GTS SYMPTOMS
Despite the differing tumour locations in each of these children, it is noteworthy that they all had prominent midline lesions, and that in two cases a change in symptom level was associated with corpus callosum and cingulate lesions, whether from tumour or surgery. In addition to these common anatomical features, the temporal sequences of changes in anatomical involvement seem to correlate with the development of specific behaviours in ways that are consistent with previous clinical and preclinical studies of GTS and OCD ( from this location. Situated just ventral to the superior colliculus, furthermore, is the mesencephalic nucleus of the fifth cranial nerve, a nucleus that relays unconscious proprioceptive information from the face. Disturbing this relay could affect the reflex reactivity of muscle spindles in the face, the region most commonly affected by tics in this boy and in most patients with GTS.
Periaqueductal grey Symptom exacerbation could also be due to involvement of the periaqueductal grey (PAG) matter, a vaguely defined cell mass that is continuous rostrally with the ventromedial and lateral hypothalamus and caudally with the dorsal raphe nucleus. Stimulation of the PAG can produce a wide array of behavioural responses, including sexual behaviours, vocalisation of emotion, aggressive and defensive posturing, and activation of the sympathetic nervous system,34 similar to many of the tic related behaviours seen in GTS. Disturbances in the PAG previously have been hypothesised to underlie the production of motor and vocal tics associated with encephalitis lethargica." In addition, noradrenergic fibres ascending from the locus coeruleus pass through the PAG and probably were disrupted by this boy's tumour,35 which may have worsened his symptoms. A similar mechanism of symptom exacerbation was postulated in an adult male patient with GTS whose PAG was calcified by a pineal tumour.3
Thalamus
The extension of this tumour, and that of the first patient, into the venteroposterior portion of the thalamus, complements a series of neurosurgical case reports in which thalamic lesions attenuated tic symptoms.3641 By contrast with the destructive, non-irritative surgical lesions, the thalamic tumour involvement in these children more likely produced focal irritation. Venteroposterior regions of the thalamus and its subdivisions are an integral portion of the CSTC pathways carrying information for motor programmes that probably participate in tic symptom formation. An irritative focus anywhere along this pathway is prone to produce pathological transmission of information that it carries.
CLINICOPATHOLOGICAL CORRELATIONS FOR OCD SYMPTOMS
Common to all three children, other than the midline location of their tumours, was the involvement of structures that are limbic system components: in patient 1, it was the hypothalamus, accumbens, and fornices from the tumour, and the body of the cingulate from surgery; in patient 2, it was the body of the cingulate and the fomices; and in patient 3, it was the PAG, which has strong and integral connections with the hypothalamus and cingulate. Tumours involved the caudate nucleus in two of the patients. These structures-the caudate nucleus and other basal ganglia structures, the cingulate and other limbic system components, and their connections with the frontal cortex have been hypothesised to comprise a disinhibited, reverberating neural circuit that gives rise to symptoms of OCD. ' 
